wsthesia in animal chest surgery.-Three factors have obstructed progress in the surgery of the chest. First, the natural interference with normal respiration which follows a penetrating wound of the chest wall; second, the immediate shock and collapse associated with operatic interference on such regions as the cesophagus and root of the lung; third, the liability of the operation site to sepsis, which, unlike sepsis in the abdominal cavity, has no natural tendency to localize. The factor of infection is outside the scope of the present discussion and with regard to reflex disturbance, it suffices to emphasize the necessity for general narcosis in all interventions within the thorax. Such external operations as phrenicectomy or excision of ribs can, of course, be carried out under local anaesthesia without undue risk. Some thirty years ago Mikulicz, impressed by the difficulties which attended his attempts on the surgery of the cesophagus, requested Sauerbruch (at that time his assistant) to devise a practicable method for avoiding the first danger of intrathoracic intervention-acute pneumothorax.
by the use of a slightly more elaborate chamber. This was the negative pressure method.
The next development was the invention of the positive pressure method. The patient's head and the ansesthetist were enclosed in a small chamber, in which the air-pressure was raised, while the body of the patient remained outside under normal atmospheric pressure. Tiegel simplified this procedure by substituting a tightly fitting mask for the chamber. The mask was provided with two tubes, by one of which the oxygen was supplied from a pressure cylinder, while the other served as an outlet for expiration. The expiratory tube passed into a jar of water so that the obstruction to expiration could be varied and the degree of inflation of the lungs thus controlled.
There has been much confusion of thought and teaching on the effect of acute open pneumothorax, largely because attention has been concentrated on the obvious changes in the lung, while the more important part played by the mediastinum has been neglected. Animals such as the rabbit, which have a well-developed mediastinum, stand an open thoracotomy well, while the dog or cat react badly because of the delicacy of that structure. A diseased man with a mediastinum thickened and stiffened by old inflammation may withstand the disturbance incidental on the opening of one pleural cavity, while death may result in a person not so protected. Whatever may be the condition of the mediastinum, an opening into both pleurae must prove fatal unless preventive measures are taken.
The induction of an artificial pneumothorax has been proposed as an alternative to positive pressure anaesthesia, but this measure does nothing to shield the mediastinum from change in pressure, and, if the mediastinum is wounded, as it frequently is during intervention on the diaphragm or cesophagus, fatal collapse of both lungs must be the sequel.
The principle of intra-tracheal insufflation elaborated by Meltzer and Auer, in 1910, has its adherents. The method is definitely inferior for use in man, for reasons which I need not elaborate here, and is naturally more difficult to apply to an animal such as a goat than would be the fitting of a mask.
The Tiegel-Henle apparatus may be used for cat, dog, rabbit or man merely by changing the mask. It is portable and, as no pump is necessary, no source of power is required. Inflation of the lungs can be maintained and varied to suit the needs of the operator. There is no expiratory valve or other complex mechanism, and even an unskilled assistant may be quickly trained in its use.
Mr. J. G. Wright.-Nembutal narcosis in the dog and cat.
Nembutal, or sodium ethyl-methyl-butyl barbiturate, occurs as a white crystalline powder, freely soluble in water. It is marketed in capsules containing 1I gr., or as a sterile solution, 1 c.c. of which contains 1 gr. of the agent.
The value of the barbiturates as hypnotics and basal narcotics has long been recognized in medicine, and a large number of these compounds are now in use. In veterinary practice they have received little attention, and the only one that has been used is luminal-as a cerebral sedative for convulsions in the dog. The barbiturates are urea compounds, and the first to be introduced was di-ethyl barbituric acid, or veronal. Among others there are luminal (phenyl ethyl barbituric acid), dial, pernocton and amytal. The acids themselves are insoluble, but the salts are freely soluble in water, and are chiefly used. According to the duration of their effects, barbiturates are classified as long-acting or short-acting, and nembutal belongs to the latter class.
Nembutal was first introduced into veterinary practice in the United States, where Kreutzer [1] records its use in 47 dogs and 2 cats. In the dog the intraperitoneal route was used, the dosage being gr. J per pound body-weight. Although Kreutzer claims completely satisfactory results, the anesthesia was recorded as incomplete in four cases. The ages of the subjects are not given and no mention is made of their state of health. It is assumed, however, that most of them were young and healthy, as 39 of the cases were females intended for ovariotomy. The average time elapsing before the onset of narcosis was twenty minutes, the minimum being eight minutes and the maximum sixty minutes. The duration of narcosis is not stated, except in the case of one cat, in which the result was unsatisfactory since narcosis persisted for two days.
Other American writers consider that the drug may be given by the mouth as satisfactorily as by the peritoneal route, provided that the stomach is empty at the time of administration.
In view of these encouraging reports nembutal has been used on a number of cases presented at the Poor Out-patients' Department of the Royal Veterinary College, but, bearing in mind experiences with avertin, it was decided, that whilst making body-weight the main factor in computing the dose, allowance should also be made for such conditions as advanced age, prolonged fasting, gross fatness, extensive sepsis, disease of the hepatic, urinary or respiratory organs. Experience has shown the necessity for taking these conditions into consideration.
In the case of avertin, it was shown by Wright [2] that young or immature animals are less susceptible than adults, and, in the main, this has been the experience with nembutal.
In a series of over 100 cases in the dog and cat, I have not found nembutal so successful as Kreutzer did; in fact, with the dosage recommended, anwesthesia has been induced in only about one-third of the cases.
At this point it may be pointed out that the term " ansesthesia," appears to be used rather loosely, so that in order that the remarks which follow may be more clearly understood certain definitions are inserted:
" Deep anesthesia " implies complete muscular relaxation, absence of reflex action, and constriction of the pupil ; respirations are slow and shallow, but regular. In " light anmesthesia " there is complete insensibility to external stimuli, while corneal and pupillary reflexes are brisk, and respirations are deep. In "deep narcosis" the animal lies in a condition resembling natural sleep. External stimuli provoke jerking movements of the limb and dorsal muscles, while sensation is not completely lost. In " narcosis " there is locomotor incoordination ; consciousness is only dulled, and external stimuli provoke struggling, which may sometimes reach an uncontrollable frenzy.
With regard to dosage,' the anesthetic dose varies considerably in different subjects. With young, healthy dogs, gr. i per pound body-weight, given by the mouth or intraperitoneally, will provoke ancesthesia in about three-fourths of the cases. In aged dogs (7 to 10 years) a similar result is produced by gr. k. In subjects more than 10 years old ansesthesia has been obtained with gr. I and gr. ij. On the contrary, gr. in a dog of 12 years provoked narcosis only, whilst gr. s in a 7-year-old bitch was practically without effect. In the cat the drug is much more consistent in its action, and the dosage adopted is gr. ' for young adults, gr. ' for middle-aged animals and gr. l for aged or fat subjects.
The minimum lethal toxic dose for the healthy dog and cat is approximately gr. i [3] , but in diseased subjects the minimum lethal dose is considerably less, e.g., in extensive liver disease or in disease of the kidneys, gr. j or even gr. 5 may be fatal.
The drug appears to have no irritant action upon the stomach, since vomiting never occurs after it is given by the mouth. The time of onset of narcosis varies, but occurs usually in from ten to thirty minutes, although cases are encountered in which it is delayed for forty-five or even sixty minutes. There is generally no excitement during the pre-narcotic period, provided the animal is allowed to lie quietly, but if disturbed it may become frenzied and noisy. A marked loss of motor power is the first indication of narcosis, and, if forced to move, the animal drags its limbs, staggers and falls. Muscular paralysis increases until in anesthesia it becomes complete. If the dose has been insufficient and narcosis only ensues, the animal may become hyperasthetic and stimulation may then provoke uncontrollable movement or barking. The aim should be light anaesthesia, and the condition termed "basal narcosis" in man is not serviceable in the treatment of animals.
Once anasthesia is obtained, the respirations remain remarkably good, being deep, regular, and numbering from thirty to forty per minute, this being in marked contrast to what happens with avertin and with deep morphinization. The pulse is full, and its rate somewhat accelerated, attaining in the dog about 150, and in the cat 200 or more. The rectal temperature steadily falls, and experimentally there is evidence of some fall in blood-pressure.
The duration of narcosis varies with the route of administration. Fitch and McCandless [41 in experiments on rabbits, showed that narcosis produced by the oral route lasts nearly three times as long as when the drug is given intraperitoneally. My experience in dogs tends to confirm this, since when the drug is given by the mouth, narcosis persists for eight hours or so, whilst when it is given by the intraperitoneal route the state lasts for only three or four hours. In animals which have been without food for considerable periods narcosis may persist for as long as twenty-four hours. It is at its greatest depth half an hour or so after administration, and remains thus for an hour or more, when recovery slowly ensues. It bas already been mentioned that individuals vary considerably in their response, and where a state of hyperesthesia is in evidence narcosis has been assisted by the subcutaneous injection of morphine sulphate. In this connection, Higgins [5] records satisfactory anaesthesia in dogs under laboratory conditions, by the combined use of nembutal and morphine (gr. v nembutal and gr. 4y morphine).
The action on the pupil is worthy of notice. In light anaesthesia the iris appears to be unaffected, whilst in deep anaesthesia the pupil is constricted. In toxic doses the pupil becomes the size of a pin-head in the dog and a mere slit in the cat. This also occurs with other narcotics, e.g., chloral hydrate and avertin, and the effect is thought to be of central origin.
With toxic doses, an8sthesia is profound, respirations become shallower and slower until they are almost imperceptible. Death finally occurs from respiratory failure. The heart-beat also becomes slow and ceases a minute or so after respiratory failure. Death in healthy animals occurs in from four to five hours after the administration of toxic doses.
So far, no evidence of delayed poisoning has been encountered. Herwick [6] has shown that nembutal is rapidly detoxicated and that there is no tendency to cumulation, as with luminal.
Toxicity has been encountered by me in two cases, viz., in cats. In each case the animal was suffering from acute cystitis associated with urethral obstruction, and under the circumstances any anasthetic would probably have proved fatal.
With regard to antidotal treatment, Maloney [71, working on the principle of physiological antagonism, finds that with picrotoxin the antagonism appears to be highly reciprocal. With the short-acting barbiturates, such as nembutal, the effect of 1i to 2 minimum lethal doses has been successfully countered with this agent. I have used picrotoxin on one occasion only. In this case the animal was suffering from canine distemper; deep anaesthesia was provoked by giving gr. I nembutal by the mouth, and although no alarm was felt, an attempt was made to shorten its duration by giving small doses of picrotoxin, viz., gr. yThs subcutaneously, the dose being repeated after three hours. No appreciable change was however observed.
The indications for the use of nembutal are especially for operations about the head. In aged and often highly nervous dogs veterinarians are commonly called upon to treat extensive dental disease, and the induction of safe and satisfactory anesthesia is often a problem. For this class of case inhalation anesthesia has many disadvantages, whilst attempts at regional anaesthesia by infraorbital and mandibular block have been a failure in my hands. Nembutal has also been used for operations upon the eye, the external ear and the cesophagus; for the setting and immobilizing of fractures, the reduction of dislocations, and for the treatment of extensive wounds and septic conditions in both the dog and the cat.
The advantages of nembutal are the ease of its administration, restraint being reduced to a minimum; induction is peaceful; the duration of narcosis is short, compared with other barbiturates and with avertin; there are no undesirable after-536 28 effects, and the margin between the narcotic dose and the minimum lethal dose is a large one in healthy animals, as compared with other ansesthetics of this type.
The disadvantages are that the action of the drug, with the dosage adopted, is by no means constant. Cases are met with in which the drug causes excitement and frenzy, and there are occasional cases in which the drug appears to have little or no effect. Moreover, the interval elapsing between administration of the drug and the onset of narcosis is not constant, the time varying from 10 to 60 minutes or more.
Euthanasia by means of nembutal.--The destruction of animals is a distasteful task which falls to the lot of veterinarians. Whilst it would be out of place here to review the various methods adopted for this purpose, I propose giving a short account of my experiences with nembutal.
May [3] records the humane destruction of an aged terrier dog by the intraperitoneal administration of gr. i of nembutal, the result being that anesthesia appeared in six minutes and death ensued after eleven minutes. For the destruction of cats we have adopted a dosage of gr. s by the mouth. After the animal has received the drug it is allowed to lie in a quiet place. The onset of ancesthesia is quiet and rapid and is usually profound within fifteen minutes. Respiratory failure may be delayed for one to five hours, and as prolongation of life to this extent is undesirable, chloroform or some other suitable poison should be given as soon as nembutal has produced deep anesthesia. A similar procedure may be adopted in the dog, but it may be pointed out that the stomach should be empty at the time of dosing, otherwise the onset of ancesthesia may be delayed.
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L1] KREUTZFR, R. H., Veterinary Medicine, 1931, 524. [2] WRIGHT, J. G., Proc. Roy. Soc. Med., 1929 Med., , xxii, 1366 MAY, X. G., NorthAmer, Veterinarian, June, 1931, 18. [41 FITCH and MCCANDLESS, Journ. Exp. Pharmacol. and Therap., 1931, xlii, 266. [5] Mr. J. Tweedale Edwards: Epidutral anesthesia in veterinary practice.-Epidural anaesthesia is a form of spinal anaesthesia which is very effective in animal surgery and can be applied to all the common domestic mammals. It takes the form of an injection of a local anaesthetic into the epidural (extradural) space within the spinal canal.
The chief field of usefulness of this form of anesthesia in veterinary practice is in bovine obstetrics: it is also applicable, but with a little more difficulty, to horses, while in dogs the indications for its use are similar to those of human surgery. In dogs lumbo-sacral puncture is perhaps the best route, but in the large animals the easiest way of approach is in the sacro-coccygeal region.
Epidural anesthesia in cattle.-In cattle the capacious spinal canal extends through the sacral region and is still of a size easy of access in the upper coccygeal region, whilst the spinal cord in this part is only represented by three very small coccygeal nerves. The cross-section of the spinal canal here is triangular, with the base ventrally, and is about equal in size to that of a pencil at the most suitable point for injection, which is at the first intercoccygeal joint and is very easily found on the living animal. The hollow needle is inserted through the wide inter-arcuate ligament straight into the spinal canal and the anaesthetic fluid runs forward and acts on the sacral (spinal) nerves, the more posterior of which supply sensory fibres to the tail, perineum, rectum and vagina.
During parturition the entrance of the calf into the vagina causes powerful straining (voluntary contraction of the abdominal muscles), which, if dystokia is present, not only makes it worse, but hinders to a very high degree the efforts of the veterinary surgeon. Epidural anaesthesia, by blocking the afferent nerves concerned, antesthetizes the vagina and vulva, and the animal ceases to strain.
The genital passage becomes relaxed and the correction of malpresentations can be effected with comparative ease. Epidural anesthesia is thus an optimum procedure to adopt in cases of dystokia, which is quite common in cattle. Apart from dystokia, the method is also valuable in the treatment of prolapsed vagina, uterus or rectum, in general surgery of the tail, perineum, and genital tract in both sexes, and also, using large injection doses, of the hind limbs and of the udder.
